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The rate of litter breakdown and decomposition was determined via the litter bag method for seven graminoid 
'species' in three coastal grassland communities. Daily loss of mass ranged from 0.07-0.16% with significant 
differences between particular 'species'. Themeda triandra demonstrated the most rapid loss of mass, and 
wire grasses the slowest. Between these two extremes the relative rates of mass loss from other species was 
variable between sites, but Eulalia vil/osa and Digitaria natalensis generally broke down faster than 
Cymbopogon validus, Loudetia simplex and Tristachya leucothrix. The pattern of breakdown followed an 
exponential curve and was most rapid at the moister sites. These sites also exhibited the highest incidence of 
macrofaunal decomposer activity. Loss of most nutrients was rapid, over 40% within the first 3 months. 
However, this was variable with accumulation of nutrients in some species between successive sampling 
intervals. Relative rates of nutrient loss between species was the same as relative rates of mass loss. There 
was little change in the percentage crude fibre of decomposing litter throughout the study. 
Die graad van plantafval-opbreking en ontbinding was bepaal deur gebruik te maak van die plantafval-
sakmetode vir sewe gras-'spesies' in drie kus-grasveldgemeenskappe. Daaglikse verliese het gewissel van 
0.07-0.16% met betekennisvolle verskille tussen bepaalde 'spesies'. Themeda triandra het die vinnigste 
massa-verlies getoon en fynblaar-grasse die stadigste. Tussen hierdie twee uiterstes het die relatiewe massa-
verlies-tempo van ander 'spesies' gewissel tussen terreine, maar Eulalia vil/osa en Digitaria natalensis het oor 
die algemeen vinniger opbreking getoon as Cymbopogon validus, Loudetia simplex, en Tristachya leucothrix. 
Die patroon van opbreking het 'n eksponensiele kromme gevolg met die hoogste tempo op die vogtiger 
terriene. Hierde terriene het ook die hoogste graad van makrofauna-ontbindingsaktiwiteit gehad. Die verlies 
van voedingstowwe het teen 'n hoe tempo plaasgevind, meer as 40% binne die eerste 3 maande. Dit het egter 
gewissel met die akkumulasie van voedingstowwe in sommige 'spesies' tussen opeenvolgende bemonster-
ings-intervalle. Die relatiewe tempo van voedingstof-verlies tussen 'spesies' was dieselfde as die relatiewe 
tempo van massa-verlies. Min verandering in die persentasie rowwe-vesel van ontbindende plantafval is 
aangetoon in die studie. 
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Introduction 
Witkamp (1971) and Anderson (1973) distinguished 
litter breakdown (LB) from litter decomposition (LD). 
The former deals with the mechanical fragmentation of 
litter whilst the latter describes its chemical deterior-
ation . The two processes are not temporally separated 
although LB is the dominant process immediately after 
litterfall. The balance is altered in favour of LD as time 
progresses. 
The majority of litter breakdown and/or decomposi-
tion studies in southern Africa have dealt with woody 
communities or species (e.g. Mitchell et al. 1986; Steinke 
& Charles 1986; Mitchell & Coley 1987; Steinke & Ward 
1987), and LB and LD in grass swards have been 
neglected (Tainton 1984). Considering that the grassland 
biome covers approximately 27% of southern Africa 
(Mentis & Huntley 1982), and extensive areas of the 
savanna biome are utilized primarily for grazing, 
community processes within grass swards (including 
decomposition) need greater attention. Moreover, 
studies on LB and LD are necessary as they provide the 
data necessary to construct nutrient budgets , determine 
fuel loads and refine estimates of primary production. 
This paper describes such a study in what has been 
described as the densest grassland in southern Africa 
(Acocks 1975). Data collected during this study were 
utilized in several aspects of a larger project monitoring 
primary production and utilization of this grassland 
(Shackleton 1989), to be published later. 
Study area 
The study was conducted at Mkambati Game Reserve, 
MGR, (31°13' - 31°20' S; 29°55' - 30°4' E) in 
north-eastern Pondoland, Transkei. According to the 
Koppen system MGR is classified as having a humid, 
temperate climate with sufficient rainfall in all seasons 
(Schulze 1947). Mean annual rainfall is 1 200 mm (54 
years data) with a minimum of 50 mm expected every 
month of the year. Most (61%) of the annual rainfall 
falls in the spring and summer months between Septem-
ber and February (Figure 1). The mean annual tempera-
ture at the closest station (Port St. Johns 31°38' S; 
29°33' E; 47 m a.s.l.) is approximately 20°C and frost 
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is absent even during the coldest months of July and 
August. 
Over 80% of the reserve is sour grassland differen-
tiated into several communities (Shackleton 1989). 
Permanent monitoring plots were established in the 
three most extensive communities during June 1985. 
These were the Tristachya leucothrix - Loudetia simplex 
short grassland, Cymbopogon validus - Digitaria natal-
ensis medium grassland and the Themeda triandra -
Centella asiatica dwarf grassland (Shackleton 1989). The 
T. leucothrix - L. simplex and C. validus - D. natalensis 
sites are burnt biennially. The T. triandra - C. asiatica 
site rarely burns. Selected characteristics of each site are 
provided by Shackleton et al. (1988). 
Methods 
Litter bags were constructed from nylon shade-cloth 
with a mesh size of 2 mm x 5 mm and closed with 
copper-coated staples. A large mesh size was selected to 
permit entry into the bag by all sizes of decomposer 
organisms. Each bag was colour-coded to denote which 
'species' it contained using a small piece of coloured 
insulated-wire attached to the corner. 
Sufficient amounts of the necromass component of 
seven 'species' (identified as important within the larger 
study) were collected in August 1985 from a 1-year-old 
sward. August was chosen to coincide with the end of the 
non-growing season as most of the material had become 
necromass in the 2 to 3 months prior to collection and 
was therefore of relatively uniform age (Shackleton 
1989). The 'species' were Cymbopogon validus (Stapf) 
Stapf ex Burtt Davy, Digitaria natalensis Stent, Eulalia 
villosa (Thunb.) Nees, Loudetia simplex (Nees) C.E. 
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Figure 1 Walter-Leith climate diagram for Mkambati Game 
Reserve [temperature data from Port St. Johns (50 km SW)]. 
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Hubb., Themeda triandra Forssk., Tristachya leucothrix 
Nees, and wire grasses [a combination of several species 
characterized by their filiform leaves, early flowering 
following a fire and unpalatability to herbivores inclu-
ding Diheteropogon filifolius (Nees) Clayton, Elionurus 
muticus (Spreng.) Kunth, and Rendlia altera (Rendle) 
Chiov.]. Nomenclature follows Gibbs Russell et al. 
(1985). This material was dried at 50°C until constant 
weight. Samples of 10.0 g were then placed into bags for 
all species except wire grasses and T. triandra, which had 
5.0 g and 4.5 g per bag, respectively. 
A total of 18 bags for each 'species' were placed on the 
soil surface at each of the three monitoring sites on 4 
September 1985. At approximately 3-month intervals 
three bags (replicates) were collected for each 'species' 
from each community. 
Upon collection any foreign material adhering to the 
surface of each bag was removed. Each was then sealed 
in a plastic bag and transported to the laboratory. There 
they were opened and dried in a convection oven at 
50°C for 5 days. 
The contents were hand sorted to remove any soil or 
foreign matter and weighed to the nearest 0.1 g. If 
necessary, organic material was viewed under 3x magni-
fication to determine whether or not it was the same as 
the material originally placed in the bag. The same 
magnification was used to scan for fungi. The presence 
of casts of earthworms or termites was noted for each 
bag. If the material had decomposed to a large degree 
and was compacted in soil, the sample was placed in a 
solution of MgS04 with a specific gravity of 1.2 to 
separate the organic fraction from the soil (Curry 1969). 
The MgS04 was then washed off with several rinses and 
the material redried and weighed. 
Material from the three bags for four of the seven 
'species' (c. validus, T. leucothrix, T. triandra and wire 
grasses) was then pooled, milled and subjected to 
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Figure 23 Litter breakdown at the T. leucothrix - L. simplex 
site . 
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Table 1 Exponential decay statistics for the litter bag 
study at the T. leucothrix - L. simplex site 
-k value Turnover x daily 
'Species' -k (P) (sign if. ) I (yr) % loss2 
T. triandra -D.ll 0.78 0.05 a 8.82 0.14 
C. validus -D.09 0.89 0.01 ab 11.65 0.13 
E. villosa -D.07 0.94 0.005 bc 14.04 0.12 
T. leucothrix -D.06 0.98 0.001 c 16.69 0.11 
L. simplex -D.06 0.96 0.001 c 15.38 0.11 
D. natalensis -D.07 0.96 0.001 bc 14.43 0.11 
Wire grasses -D.04 0.97 0.001 d 23.99 0.08 
r is the regression coefficient of mass with time fitted to the exponential 
curve 
llike letters denote no significant difference between two 'species' 
2assumes a linear decay rate 
various elemental analyses. The small quantities necess-
itated pooling the material from the three replicates 
which precluded replicate samples for nutrient analyses. 
Crude fibre was determined (T. leucothrix - L. simplex 
site only) using the standard Weende method described 
by Allen (1974) on a Fibertec extraction unit. After wet 
digestion with selenised sulphuric acid, potassium, 
calcium and magnesium were determined by atomic 
absorption spectroscopy; phosphorus and nitrogen 
colorimetrically. Sulphur was determined by atomic 
absorption spectroscopy after separate digestion with 
nitric and perchloric acid. All analyses, other than the 
fibre determination, were performed by the SASA 
laboratories at Mount Edgecombe, Natal. 
Exponential decay statistics and constants were calcu-
lated for each site using the equations employed by 
Mitchell et al. (1986) and Steinke & Ward (1987). 
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Figure 2b Litter breakdown at the C. validus - D. natalensis 
site. 
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Table 2 Exponential decay statistics for the litter bag 
study at the C. validus - D. natalensis site 
-k value Turnover x daily 
'Species' -k (P) (signif.) (yr) % loss 
T. triandra -D.13 0.76 0.02 a 7.57 0.15 
C. validus -D.07 0.96 0.001 b d 14.83 0.11 
E. villosa -D.08 0.92 0.005 bc 12.82 0.12 
T. leucothrix -D.ll 0.84 0.02 a c 9.50 0.14 
L. simplex -D.09 0.88 0.01 c 10.55 0.13 
D. natalensis -D.09 0.91 0.005 c 11.15 0.13 
Wire grasses -D.06 0.82 0.05 b d 17.24 0.10 
Results 
Litter breakdown 
T leucothrix - L. simp/ex site 
The loss of mass (%) of the different 'species' is 
illustrated in Figure 2a. 
All 'species' exhibited an exponential rate of decay, 
with a very rapid decrease in mass, usually greater than 
50%, within the first 3 months. Thereafter, rates were 
relatively slow so that approximately only a further 20% 
was lost during the following 17 months. 
It is evident from the decay constant (-k) and their 
relative significance that wire grasses break down at a 
significantly slower rate (p<0.05) than all other species, 
whilst T. triandra decays significantly faster (p<0.01) 
than all 'species' other than C. validus. There was no 
significant difference between D. natalensis, L. simplex, 
T. leucothrix and E. villosa. Daily losses ranged from 
0.08% to 0.14% (Table 1). 
C. va/idus - D. natalensis site 
The rate of breakdown is illustrated graphically In 
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Figure 2c Litter breakdown at the T. triandra - C. asiatica 
site. 
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Figure 3b Litter decomposition at the C. validus - D. natalensis site (e- --e T. triandra , x-x C. validus, ........ wire grasses , 
0-0 T. leucothrix) . 
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Table 3 Exponential decay statistics for the litter bag 
study at the T. triandra - C. asiatica site 
-k value Turnover x daily 
'Species ' -k r (P) (sign if. ) (yr) % loss 
T. triandra -0.15 0.66 n.s a c 7.06 0.15 
C. validus -D.08 0.92 0.005 b 12.81 0.12 
E. villosa -0.23 0.67 n.s a 4.97 0.16 
T. leucothrix -0.06 0.97 0.001 b e 16.54 0.11 
L. simplex -D.09 0.89 0.01 bcd 11.43 0. 13 
D. natalensis -0.11 0.83 0.02 bcd 8.93 0.14 
Wire grasses -D.04 0.97 0.001 e 28.76 0.07 
Figure 2b . 
Mass loss after 20 months ranged from 59% for the 
wire grasses to 87% for T. triandra. Exponential decay 
statistics were calculated as for the T. leucothrix - L. 
simplex site and are presented in Table 2. 
At the C. validus - D . natalensis site wire grasses 
decomposed at a slower rate (p<0.05) than all other 
species although not significantly slower than C. validus. 
Conversely, T. triandra showed the most rapid break-
down, significantly so in all cases (p<0.01) except T. 
leucothrix. D. natalensis, L. simplex and E. villosa, which 
were not significantly different, had rates intermediate 
to the wire grasses and T. triandra. 
T triandra - C. asiatica site 
Graphical representation of the results (Figure 2c) 
indicates exponential mass loss with almost complete 
breakdown of T. triandra (90%) and E. villosa (96%) by 
the end of the study . 
There was no significant difference between the decay 
constants for these two species and both had a signifi-
cantly higher constant (p<0 .01) than most other 
'species' (Table 3). Wire grasses decayed at the slowest 
rate, although not significantly slower than T. leucothrix. 
Litter decomposition 
Losses of inorganic nutrients from four of the seven 
'species' for each site are given in Figure 3. Results are 
given both as absolute values and as gain (%) or loss (%) 
relative to the initial amount in the litter bag following 
Rogers & Breen (1982) and Mitchell et al. (1986) . 
Trends are similar between sites and 'species' with a 
Table 4 Changes in crude fibre (%) of four 'species' 
from the T. leucothrix - L. simplex site 
Sampling date 
'Species' Original 1186 4/86 6/86 12/86 4/87 
T. triandra 21.9 25.4 25.3 26.1 
C. validus 30.2 33.8 28.6 40.7 32.7 17.8 
T. leucothrix 26 .5 27.5 27.4 28.1 30.4 24.7 
Wire grasses 30.0 29.8 30.3 25.4 22 .7 
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Figure 4 Incidence of macrofauna and fungi in litter bags 
from the three monitoring sites ( _ T. leucothrix - L. 
simplex site , ~ C. validus - D. natalensis site, ~ T. 
triandra - C. asiatica site) . 
rapid loss within the first 3 months, usually within the 
region of 40-50% . A noticeable exception was the 
accumulation of potassium in C. validus in two of the 
three sites. After the initial rapid loss the pattern of 
further losses varied between 'species ' and between 
nutrients . 
On the whole, nutrient loss from the four different 
'species' followed a similar order to mass loss. T. trian-
dra had the fastest loss of all nutrients at all three sites, 
wire grasses generally had the slowest loss (except 
sulphur) at all sites, whilst C. validus and T. leucothrix 
were intermediate between these two . 
Relative rates of loss between communities was 
assessed using a Friedman two-way analysis of variance 
with ranks which indicated a significant difference 
(p<0.025) in rates of nutrient loss from litter in the three 
communities (based on the relative percentage of each 
nutrient on the final sample date) . Subsequent multiple 
comparison confirmed that the C. validus - D. natal-
ensis site lost elements faster than the T. triandra - C. 
asiatica site (p<0.01) and T. leucothrix - L. simplex site 
(p=0.061), whilst there was no difference between the 
T. triandra - C. asiatica and T. leucothrix - L. simplex 
sites. 
Results in Table 4 show that there was little change in 
crude fibre with the progression of breakdown and 
decomposition, but there were consistent differences 
between 'species' . 
Fungal and faunal activity 
No evidence of fungi or fauna was observed for the first 6 
months . Thereafter, the incidence of macrofauna 
(worms and termites) was greatest at the T. triandra -
C. asiatica site, less at the C. validus - D . natalensis site 
and least at the drier T. leucothrix - L. simplex site 
(Figure 4). There was little difference in fungal incidence 
at the three sites . 
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Discussion 
The pattern of LB - an initial rapid loss of mass that 
gradually slowed - fits the exponential decay curve . 
There appeared to be a differential increment in the rate 
of loss between the different 'species' late in the second 
summer. Rates were generally similar between 'species' 
at all the sites with the exceptions of T. triandra and wire 
grasses. T. triandra exhibited the most rapid breakdown 
at all sites. This is possibly a result of its lower crude 
fibre content than the other 'species'. At the other 
extreme, wire grasses had a much slower rate of decay 
which correlated with their relatively high crude fibre 
content, although no higher than C. validus. 
Breakdown was slower at the T. leucothrix - L. sim-
plex site than either the C. validus - D. natalensis or T. 
triandra - C. asiatica sites. Wiegert & Evans (1964) and 
Meentemeyer (1978) demonstrated that the relative 
moisture status was an important factor influencing the 
rate of LB. The higher soil moisture status at the C. vali-
dus - D . natalensis and T. triandra - C. asiatica sites 
and its influence on decomposer organisms can be 
expected to contribute to the more rapid LB at these two 
sites [mean monthly % soil moisture was 32.3 ± 1.48; 
19.5 ± 2.49 and 9.00 ± 0.72 for the C. validus - D. 
natalensis (n=20 months), T. triandra - C. asiatica 
(n= 10) and T. leucothrix - L. simplex (n=20) sites, 
respectively]. This is confirmed by the increase in LB at 
the end of the study during the moist summer period (it 
is presummed that temperatures were comparable 
between the three sites). Indeed, Figure 4 indicates that 
there was a greater incidence of macrofauna at the T. 
triandra - C. asiatica site, decreasing through the C. 
validus - D . natalensis site to the drier T. leucothrix -
L. simplex site. 
The initial rapid loss of mass and nutrients was 
probably due to leaching, having been noted in many 
previous studies (e.g. Crossley & Hoglund 1962; Ander-
son 1973; Singh & Gupta 1977). The accumulation of 
some nutrients during litter bag studies has been 
documented by Howard & Howard (1974), Mitchell et 
al. (1986) and Steinke & Ward (1987). Mitchell et. al. 
(1986) posed four sources and mechanisms for nutrient 
accumulation in litter that require investigation. Input 
from precipitation is an attractive explanation, especially 
in light of input amounts recorded by Woodmansee et al. 
(1978), Kellman et al. (1982) and Smith (1985). The 
proximity of the sites to the sea as a source of wind- and 
spray-borne nutrients may also be a significant factor. 
However, this still remains to be quantified. 
The slowest average rate of nutrient loss from litter 
but the highest rate of mass loss at the T. triandra - C. 
asiatica site may be due to two factors. The first is 
possible microfaunal and microfloral inhibition from 
high salt levels in the soil due to the proximity of the site 
to the sea. Being only 60 m from the sea it is probable 
that salt deposition is considerably greater than at either 
the T. leucothrix - L. simplex or C. validus - D. 
natalensis sites which are 1 000 m and 6 800 m inland, 
respectively. This was substantiated through 
quantification of dissolved salts by measurement of soi l 
S.-Afr.Tydskr. Plantk. , 1989,55(6) 
conductivity values. The T. triandra - C. asiatica 
community was characterized by significantly higher 
values (p<0.005) than the other two communities. The 
mean soil conductivity values were 208 ± 23.7 s for the 
T. triandra - C. asiatica (n=7) community , 77.2 ± 5.5 s 
for the C. validus - D. natalensis (n= 13) community and 
79.0±3.8 s for the T. leucathrix - L. simplex community 
(n=30). 
The second possibility is high macrofaunal activity 
which increased the relative rate of comminution. The 
volume of earthworm casts deposited at this site was so 
great that towards the end of the study most of the litter 
bags were buried beneath the soil surface. Rates of 
breakdown are significantly higher within soil than on 
the surface (Curry 1969; Clark & Paul 1970). 
Phosphorous and magnesium were generally the most 
rapidly lost nutrients across the three sites . However, it 
is of interest why there are such differing mobility rates 
between species for the same nutrient and this possibly 
warrants further research. 
The mobility of nutrients is site and species specific. 
The relative mobilities of the different nutrients for this 
study are similar to those given by Kornev (1958, quoted 
by Attiwill 1968), opposite to those derived by Attiwill 
(1968), and in agreement with some elements but not 
others recorded by Rogers & Breen (1982). However, it 
must be borne in mind that accumulation of nutrients 
makes direct comparison between studies inappropriate 
and prevents the calculation of accurate mobility series 
(Mitchell et al. 1986). 
This paper has demonstrated that both breakdown 
and decomposition rates vary between different species 
and localities. Specific attributes of individual species 
responsible for these differences require further investi-
gation in southern Africa. 
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